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PROCESS FOR DIRECT SEQUENCING DURING TEMPLATE AMPLfflC ATION 
S Background of the Invention 

DNA Sequencing 

CufTeat knowledge r^arding gene structure, the control of gene activity 
and the function of cdls on a molecular levd aU arose based on the determination of the 
10 base sequence ofnuUiofis of DNA molecules. DNA sequendng is still cfittcally 
important in researdi and for genetic therapies and diagnostics, (e.g., to verify 
recond}inant dones and mutations). 

DNA, a polymer of deoxyribonudeotides, is found in all living ceUs and 
IS some viruses. DNA is the canierofgcnctic infonnation, which is passed from o^^ 

generation to the next by homologous replication of the DNA molecule. Information for 
the synthesis of afl prataiis is encoded in the sequence of bases in the DN 

To obtun the genetic information and therefore to reveal the base 
20 sequence of a gh^en DNA molecule, chemical and enzymatic sequencing methods have 
been devdoped. DNA*sequencing as proposed by Maxam-Gilbert ^axam, Ai^., W. 
Gilbert, Proc. Natl. Acad. Sd. USA, 74:S60-S64 1977) is a chemical metiiod of 
determining base c(»nposition of a nudeic add molecule. A single stranded DNA 
molecule with radioactive labd at its S* end is chemically modified in four base specific 
2S reactions and then deaved at the modified positions. The cleavage products are 
separated on a polyacryiamide gd and typically are detected by autoradiography. 

Currently favored is the en2ymatic chain termination reaction according to 
the Sanger-sequcndng method (Sanger, F. et. al,, Proc. Nati, Acad, Sd. USA, 74:5463- 
30 5467 1977), In the Sanger method, the four base specific sets of DNA fragments are 

formed by starting with a primer/template sysiem dongating the primer into the unknown 
DNA sequence area and therd>y copying die template md syntheazing con4>lementaty 
strands using a DNA polymerase in the preseticc of chain-terminaliiig reagents. T% 
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chain-lenninating event is achieved by incoqwrating into the four separate reaction 
mixtures in additioa to the four normal deoxymideoside triphosphates, dATP, dGTP, 
dTTP and dCTP, only one of the diatn-temunating dideoxynudeostde triphosphates, 
ddATP, ddGTP. ddTTP or ddCTP, respectively, in a limiting small concentnUion. The 
5 incorporadonofaddNTP lacking the 3*hydroxylfimctfen^^ 

by the enzyme DNA polymerase leads to chain termination thfough preventing the 
formation ofaT-S'-phospho<Uester bond by DNA polymerase. Due to the random 
incorporation of the dd^^Ts, each reaction leads to a p(qiti^ 
tenninated fiBgmenU of different leng^ 
10 DNA-moleculc, 

A fecent modification of the Sanger sequeiicing strata involves the 
degradaticm of phosphbrothioate-containing DNA fiag^nents obtainid by uang alpha- 
thio dNTP instead of the normally used ddNTPs during the primer extension reaction 

15 n«ediatedbyDNApoIyinerase(Labcite/<i£,D^ 173-177(1986); Amersham, 
PCT-Application GB86/00349; Edcstdn eiaL, Nucleic Adds Ri>s Q047 (I98g)). 
Here, the four sets of base-spedfic sequencing ladders are obtained by limited 
digestion with cxonudease III or snake venom pho^hodiesterase, sid^sequent 
separation on PAGE and visualization by radioisotopic labding of dther the primer or 

20 one of the dNTPs. In a further modification, the base-spedfic cleavage is adiicved by 
alkylating the sulphur atom in the modified pho^hodiester bond followed by a heat 
treatment (Max-PtanckTCeseUschafi. DE 39303 12 Al). 

DNA AmplificaiiGn 

25 DNA can be ampSfied by a vari^ of procedures inchiding doimig 

(Sambrook tt al., Molecular Qoning : A Laboratory Manual, Cold Spriiig Harbor 
Laboratory Press, 1989). polymerase didn reaction ^CR) (CR. Newton and A 
Graham, PGR, BIOS Publishers, 1994), Hgase chain reaaran (LCR) (F. Barany Proc. 
Nad. Acad. Set USA 88, 189-93 (1991), strand displacement amplification (SDA) (G. 

30 Terrancc Walker ^ al.. Nucleic Acids Res. 22^ 2670-77 (1994)) and variations sudi as 
RT-PCR, aUde-spedfic ampfification (ASA) etc. 
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10 



30 



The polymerase ctuun reaction (Mullis. K. et al.. Methods Enzymol.. 
155:335-350 1987) pennits the selective in vitro ampBfication of a particular DNA region 
by raimiclcing the phenomena of in vivo DNA repUcation. Required reaction components 
are single stranded DNA. prinjers (oligonucleotide sequences complementary to the 5' 
and 3' ends of a defined sequence of the DNA template), deoxynudeotidetriphosphates 
and a DNA polymerase enzyme. Typically, the single stranded DNA is generated by heat 
denaturation of provided double strand DNA. The reaction buffets contain magneshmi 
k>ns and co-soh/mts for opdmum einyme st^Mlity and activity. 



The amplification results ftom a repetition of such cycles in the following 
manner: The two different primers, which bind selectively each to one of the 
complementaiy strands, are extended in the first cyde of arapfificatioa Each newly 
synthesized DNA then contains a binding site fijr the other ptimer. Therefore each new 
15 DNA strand becomes a template for any fiirther cyde of amplification enlaigingU^^ 
template pool fiom cyde to cyde. Repeated cydes theoretically lead to exponential 
synthesis of a DNA-ftagraent with a length defined by the 5' temuni of the primer. 

Initial PCR experiments used thcnnolabtle DNA polymerase. However. 
20 thermolabUe DNA polymerase must be continually added to the reaction mixture after 
each denaturation cyde. Major advances in PGR practice were the devdopmcnt of a 
polymerase, which is stable at the near^railing temperature (Saild. R. et al., Sdence 
239:487-491 1988) and the devdopment of automated thermal cyders. 

Th« <«s«>veiy of thermostable potymerases also aUowed cnodtfication 
ofthe Sanger sequendng reaction with significant advantages. TTw polymerization 
reaction could be carried out at high temperature with the use of thcnnostable DNA 
pdymeraise m a cyclic manner (cyde sequendng). The conditions ofthe cydes are 
similartothoseof the P(3t technique aiid comprise denaturation. anoealing. and 
extension steps. Depending on the length ofthe primers only one anneaCng step at the 
beginning ofthe reaction may be suffidem. Canying out a sequencing reaction at 
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high temperature in a cycCc manner provides the advantage that each DNA strand can 
serve as template in every new cycle of extension wKdi reduces the amount of DNA 
necessary for sequencing, thereby providing access to minimal volumes of DNA, as 
weU as rcsultiiv m improved specificity of primer hybridisation at higher tempeiBture 
and the reduction of secondary structures of the template strand. 

However, anf>(ification of the terminated fiBgmenu is linear in 
conventional qfdesequencii«api»t>acbes. A recently developed method, called 
semi-cxpoftential cyde sequencing shortens the time required and increases the extent 
of amplificadon obtained fix)m conventional cyde sequendng by using a second 
reverse primer in the sequendngreacdon. However, the reverse primer only 
generates additional template strands if it avoids being terminated prior to reaching the 
sequencing primer binding site. Needless to say, temunated fragments generated by 
the reverse primer can not serve as a suffident template. Therefore, in practice, 
amfdification by the semi-exponential approach is not entirdy exponential (Saricat, G. 
and Bolandcr Marie E, Semi Exponential Cyde Sequencing Nucldc Acids Research. 
1995, Vol. 23, No. 7, p. 1269-1270). 

As pointed out above, current nuddc add sequencing methods require 
rdativdy large amounts (typically about I g) of highly purified DNA template. Often, 
however, only a small amount of template DNA is avaihible- Although amplifications 
may be performed, amplification procedures are typically time consuming, can be linuted 
in the amount of amplified template produced and the amplified DNA must be purified 
pricM^ to sequendng. A streamlined process for an^lifying and sequendng DNA is 
needed, particularly to fadlitate highthroughput nuddc add sequendng. 

Summary of the Invention 

In general, the instam invention provides a one-step process for 
generating from a DNA template, base specifically terminated fragments of sufiSdent 
quantity to enable DNA sequendng. 
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Acconfing to the pfocess of the invention, a condiined ampfification and 
tenniiution reaction is perfiMmed using at least two different polymerase enzymes, each 
having a different afl&iity for the chain terminatitig nucleotide, so that polymerization by 
an enqrme with relatively low affinity for the chab tenninating nudeotide leads to 
exponential ampliScaUon whereas an enzyme with relatively high affinity for the chain 
terminating nucleotide tenninates the polymerization and yields sequencing products. 

In another aspect; the invention features Uts for directly amplifying 
midac add templates and g<merating base specifically teiroina^ Inone 
embodiment, the kit can comprise an appropriate amount of: i) a complete set of chain- 
doi^ng nudeotides; ii) at least one chain-terminating nudeotide; fiii) a fim DNA 
polymerase, which has a relativeiy.low affinity towards the chain temiinating nudeotide; 
and C«v) a second DNA polymerase, which has a relatiydy high affinity towards the chain 
tenninating nudeotide. The lot can also optionally indudc an appropriate primer or 
primers, appropriate buffers as wdl as instnictions for use. 

The instant invenUon allows DNA amplification and termination to be 
performed in one reaction vessd. Due to the use of two polymerases widi different 
affinities for didcoxy nudeotide triphosphates, exponential amplification of the taiget 
sequence can be accomplished in combination with a termination reaction nucleotide. In 
addition, the process obviates tiie purification procedures, which are required when 
amplification is performed separatdy &om base terminated fi^igment generation. Further, 
the instant process requires less time to accootpUsh tiuui separate amplification and base 
specific tetininatioa reactions. 

When combined with a detection means, the process can be used to detect 
and/ or quantitate a particular nudeic add sequence where only smaO amounts of 
template are available and fiist and accurate sequence data acquisition U desirable. For 
example when combined with a detection means, die process is usefiil for sequencing 
unknown genes or otfier nuddc add sequences aiid for diagnosing or monitoring certain 
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diseases or conditions, such as genetic diseases, chromosooua abnonnaKties. genetic 
predispositioiis to certain diseases (e.g. cancer, obesity, artherosderosis) and pathogenic 
(e.g. bacterial, viral, fiingal. protistal) infections. Further, when double stranded DNA 
molecules are used as the starting material, the instant process provides an opportunity to 
simultaneously sequence both strands, thereby providing greater certainty of the sequence 
data obtained or acquhing sequence information from both ends of a longer template. 

The above and fiirther features and advantages of the instant invention 
win become dearer fixmi the Mowing DetaUed Description and Qaims. 

Brief Descrintion nf fh.. pjpn^^ 

HGURE 1 shows sequence data from an ABI-Prism automated sequencer 
(Model 373A) using a pOM8 derived recombmant plasmid with a 400 base pair (BP) 
insert from the rmB gene of £ coft as the template in the reaction described in the 
foUowing Example 1. The figure shows a reliable sequence readable to about 440 BP 
which is the lengdi of the PGR product. 

HGURE 2 shows sequence data from an ABI-Prism automated sequencer 
(Model 373A) again using the pOM8 derived recombinant plasmid with a 400 BP insert 
of from the rniB gene of £ colL However, because the sequencing reaction was carried 
out using standard sequencing protocoU on a smaU amoum of template (SOng). no 
reliable sequence was obtained. 

HGURE 3 is a schematic of a combined amplification and sequencing 
reaction using two polymerases and dye-labeled dideoxymideotide triphosphate for 
detection and two reverse oriemed primo-s. 

HGURE 4 is a fluorescent chroraotagram plot of a forward sequence ladder 
generated m a simultaneous amplification and sequendng reaction. 

HGURE 5 is a fluorescent chromatogram plot of a reverse sequence ladder 
generated in a simultaneous amplification and sequencing reaction. 
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Detailed Description of t he Invention 

lo goicral, the invention features a process for directly amplifying and 
base spedfically tenmioating a nucleic acid molecule. According to the process of the 
5 invention, a conAined amplification and termination reaction is perfonned on a nucleic 
add template using: i) a complete set of chain^ongating nucleotides: ii) at least one 

chain-tcnninating nudcotide; and r«fi) a first DNA polymenwe. which has a rdativdy 
affinity towards the chain tenninating nudeoUde; and (hf) a second DNA polymerase. 

which has a idativdy high afl&iity towards the chain itenninating nud^ 

10 polymerization by the enzyme with rdativdy tew affinity for the Cham tcnm 

nudeotide leads to ampfification of the tempfate, whereas the enzynuj with relativdy 

affinity for the chain terminating nudeotide terminates the polymerization and yidds 
sequencing products. 

. The combined amplification and sequendng can be based on any 
amplification procedure that employs an enzyme with polynucleotide synthetic abifity 
(e.g. polymerase). One preferred process, based on the polymerase chain reaction 
(PCR), is comfHised of the fiillowing three thermal steps: 1) denaturing a double 
stranded (ds) DNA molecule at an appropriate temperature and for an appropriate period 
20 of tune to obtam the two single stranded (ss) DNA molecules (the template: sense and 
antisense strand); 2) contacting the template with at least one primer that hybridizes to at 
least one ss DNA template at an appropriate temperattire and for an appropriate period 
of time to obtain a primer containing ss DNA template; 3) contacting the primer 
containing template at an appropriate temperature and for an appropriate period of time 
with: (i) a complete set of chain dongating nudeotidcs. Cu) at least one chain tenninating 
nudeotide. Cm) a first DNA polymerase, which has a relativdy low affinity towards the 
chain tenninating nudeotide; and (w) a second DNA polymerase, which has a rdativdy 
high affinity towards the chain tenninating nudeodde. 



25 



30 



Steps 1)- 3) can be sequentially performed for an appropriate number of 
times (cydes) to obtain the desired amount of amplified sequencing ladders. The 
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quantity of the base specifically tenninated firagment desired dictates how many cycles are 
perfonned. Although an increased number of cycles results in an increased level of 
amplification, it may also d^ract finom the sensitivity of a subsequent detecttoa It is 
therefore generally undesirable to perform more than about 50 qrdes, and is more 
preferable to perfcmn less than about 40 cycles (e,g. about 20-30 cycles). 



In a preferred embodiment, the first denatuiation step is petfimned at a 
temperature in the range of about SSX to about lOO^C (most preferably about 9rC to 
about 96''C) for about 20 seconds (s) to ab<M 2 roiiHites (most preferably ^xxit 30s- 1 

10 minute). The second hybridi2aUion stq> is preferably pafonned at a tempmtw^ 

is in die range of about 40^ to about 80^ (most preferably about 45*C to about 72^) 
fox about 20s to about 2 nunutea (most preferably about 30s- 1 minute). The third, 
primer extension step is preferably performed at about 6SX: to about 80^ (most 
prefi»bly about 70^ to about 74'C) for about 30 s to about 3 minutes (most preferably 

IS about 1 to about 2 mnuites). 

In order to obtain sequence information on both the sense and antisense 
strands of a DNA molecule simultanieously, each of the angle stranded sense and 
antisense templates generated firom the denaturing step can be contacted with q)pix>priate 
20 primers in stq) 2), so that amplified and chain terminated nucleic add molecules 
generated in step 3), are complementaiy to both strands. 

Another preferred process for simulataneously ampli^ng and chain 
terminating a nucldc add sequence is based on strand displacement ampfification (SDA) 

25 (G. Terrance Walker et al.. Nucleic Acids Res. 22. 2670-77 (1994); European Patent 
PubHcation Number 0 684 3 15 entitled Strand Disphcemeni AmplificaA<m Using 
Therme^lic Enzymes ), In essence, this process invokes the following three stq>s, 
which ahogether comprise a (^de: 1 ) denaturing a double stranded (ds) DNA molecule 
containing the sequence to be amplified at an appropriate temperature and for an 

30 appropriate period of time to obtain the two angle stranded (ss) DNA molecules (the 
template: sense and antisense strand); 2) contacting the template with at least one primer 
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(P), that contains a recognition/cleavage ate for a restriction endonudease (RE) and that 
hybridizes to at least one ss DNA template at an appropriate temperature and for an 
appropriate period of time to obtain a primer containing ss DNA template; 3) contacting 
the primer containing template at an appropriate temperature and for an appropriate 
5 period of time with: (i) a complete s^ of diain elongating nucleotides; (ti) at least one 
chain terminathig nucleotide, QH) a first DNA polymerase, which has a relatively low 
affinity towards the chain terminating nucleotide; Qv) a second DNA pcrfymerase, ^ch 
has a relatively high afiioity towards the chain terminating nucleotide; and v) an RE that 
nicks the primer recognition/deavage sitie. 

10 

Steps 1) - 3) can be sequentially perfonned for an appropriate nufid>er of 
times (cycles) to obtain the desired amount of amplified sequencing ladders. As with the 
PCR based process, the quanthy of the base specificaily terminated fiagment desired 
dictates how many cycles are performed. Preferably, less than 50 cydcs, moi« preferably 
15 less than about 40 cycles and most preferably about 20 to 30 cycles are performed. 

The amplified sequendng ladders obtained as described above, can be 
separated and detected and/or quantitated using well established methods, such as 
polyaciylamidc gel electrophoresis (PAGE), or capillary zone dectrophoresis (CZE) 
20 (Jorgenson etoL. J Chromatography 3S2, 317 (IQgfi); n^^UrsA ^/ 

Nudcig Arid?? Riff? IS. 1415-1419 (1990)); or direct blotting electrophoresis (DBE) 
(Beck and Pohl, EMBOJ.. vol 3: Pp. 2905-2909 (1984)) in conjunction with, for 
example, colorimetry, fluorimetiy. chenuluminescencK and radioacti>a^ 

25 Dye-terminator chemistry can be employed in the combined amplification 

and sequencing reaction to enable the sinuiltaneous generation of forward and reveise 
sequence ladders, which can be separated based on the streprtavidtn-biotin system when 
one biotinylated primer is prodded. 

30 Figure 3 depicts a scheme for the combined amplification and sequencing 

using two potymctascs and dye4abeled djain tcmiinaring nucleotide (ddNTP) for 

detection and two reverse oriented primers. A means of sq>arauon for the 
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simultaneously generated forward and reverse sequence ladders is shown. Step A 
represents the exponential amplification of a tai^get sequence by the polymerase with a 
low affinity for ddNTPs. One of the sequence spedfic oligonucleotide primers is 
biotinyiated. Step B represents the genecation of a sequence ladder other &om the 
S origiiial template or the simultaneously generated anqsEfication product carried out by the 
polymerase with a high affinity for ddNTPs. After completion of the reaction, the 
Inducts are incubated ivith a streptavidin coated soCd suppod (Step Biodnylated 
forward sequencing produas and reverse products hy^ized to the forward template 
are immobilized. In order to obt^ readable s^enoc infoniuition, the f^ 
10 reverse sequence hKlders are separated in Step b. The tmmobtGzed strands are washed 
and sqiarated by denaturation with ammoniuin hydroxide at room tempmture. The 

non-biotin^ated reverse sequendi^ products are removed fix>m tile be^ 
. aimnonhim hydroxide supernatant during this procedure, the biotinyiated forward 
sequendiig products remain immobifized to the 
IS anunoimim hydroxide at 60*C. A£Ict ethanol precipitation, both sequencing ^edes can 
be resuspended in loading dye and run on an automated sequencer^ for example. 

When mass spectrometry is used in conjunction vnth the direa 
amplification and chain termination processes, the sequencing ladders can be directly 

20 detected without first bdng sqjarated using several mass spectrometer formats. 

Amenable formats for use in the invention indude ionization tedmiques such as matrix- 
assisted laser desorption (MALDI), continuous or pulsed dectrospray (EST) and related 
methods (e.g. lonspray or ThermosprayX and massh^e duster unpad (MSQ: these ion 
sources can be matched with a detection format, such as linear or reflectron tnne-of-flight 

25 (TOF), single or multiple quadnipole, dngie or multiple magnetic sector, Fourier 

Transform ion cyclotron resonance (FTICR), ion trap, or combinations of these to give a 
hybrid detector (e.g. ion trap^TOF). For iomzation, numerous matrix/wavdengdi 
combinations (MALDI) or solvent combinations (ESI) can be employed. 

30 The abovc-descrS>ed process can be performed using virtually any nuddc 

add molecule as the source of the DNA template. For example, the nuddc add 
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molecule can be: a) single stranded or double stranded; b) linear or covalently dosed 
drcular in st^iercoiled or relaxed fonn; or c) RNA if combined witb reverse transcription 
to generate a cDNA. For exan^le, reverse transcription can be performed using a 
suitable reverse transcriptase (e.g. Moloney murine leukemia wus reverse transcriptase) 
5 ustiig standard tedmiques (e.g. Kawasaki (1990) in PCR Protocols: A Guide toh4ethods 
cmdAppHcatims, Innis et al., eds.. Academic Press, Bcrfcd^, CA pp21-27). 

Sources of nuddc add templates cu tndwfe: a) plasnuds (naturaUy 
occurring or recotnbinaitt); b) RNA- or DNA- viruses and bacteiiopha^ (natuiaOy 
10 occurring or recomUnant); c) chromosomal or eptsomal replicating DNA (e«g. firom 
tissue, a Uood sample, or a bic^sy); d) a nudeic add fiagment (e.g. derived by 
exomidease, uiispedfic endonudease or restriction endonudease (Sgestion or by physical 
disruption (e.g. soriicadon or iiebulization)); and e) RNA or 
mRNAs 

15 

The nuddc add to be amplified and sequenced can be obtained from 
virtually any biological sample. As used herein, the term ^'biological sample*" refers to any 
mat^iai obtained from any living source (e.g. human, animal, plant, bacteria, fungi, 
protist, vims). Exan^iles of appropriate biologica] samples for use in the instant 

20 invention indude: solid materials (e.g tissue, cell pellets, biopsies) and biological fluids 
(e.g. urine, blood, saCva, amniotic fluid, mouth >va^, spinal fluid). The nuddc add to be 
ampli6ed and sequenced can be provided by unpurified whole cells, bacteria or vims. 
Ahennativdy, the nuddc add can first be purified from a sample using standard 
techniques, such as: a) cesium chloride gradient centrifiigation; b) alkaline 1yds with or 

25 without RNAse treatment c) ion exdiange chromatography; d) pherK)!/chlon>fbnn 

extraction; e) isolation by l^bridization to bound oligonudeofides; Q gd dectrophoreds 
and dution; alcohol predpitation and h) combinations of the above. 



30 



As used herdn, the phrases "chain-dongating nudeotides" and "chain- 
termtiuitii^ nudeottdes" are used in accordance with their art recognized meaning. For 
example for DNA, chain-dongating nudeottdes indude 7*deoxyribonudeotides (e.g. 
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d ATP, dCTP, dGTP and dTTP) and chab-tenninatm 

dideoxyribonudeotides (eg. ddATP, ddCTP, ddGTP, ddTTP). For RNA, chain- 
dongaxing nudcotides indude r9x>mideotkies (e.g., ATP. CTP, GTP and UtP) and 
diain^temunating mideotides indude 3*-deoxyribooudeotides (eg, 3*dA. 3*dC. 3*dG and 

S 3*dU). A oomplcfte set of duin dongattng hudeotides refers to dATP. dCTP. dGTP and 
dTTP. The term "nude(^de* is abowdl known in the art. For the purposes of tins 
invention, nudeotides indude nudeoade mono-, di-. and triphosphates. Nudeotides also 
indude nuxfified nudeotides sudi as phosphorodaoate nudeotides and deazapurine 
niK^eotides. A complete set of diain^on^tu 

10 nudeotides that can hybridize to each of the four di£ferent bases ocHnprish^ the DNA 
. template. 



IS example to decrease the laser energy required for yotatization and/or to mininuze 



of the nuddc add molecule (e.g. cadon exchange), which can be useful for dtminating 



20 Contacting a nucldc add molecule, whidi contains an -thio-nudeoade-trtphosphate 
. during polymerization with an aikyladng agent such as akyliodide, iodoacetamide, - 
iodoethanol, or 2,3-epoxy- 1 -propand, the monothio phosphodiester bonds of a nudesc 
add nudecule caii be transformed into a phospfaouiester bond. Further conditiomng 
involves incorporating nudeotides whidi reduce sensitivity for depurination 

25 (fragmentation during MS), e.g. a purine analog sudi as N7« or N9-deazapurine 

nudeotides, and partial RNA contaniing oHgodeoicynudcotide to be able to remove the 
unmodified primer fifom the amplified and modified sequendng laddiers by RNAse or 
alkaline treatment. In DNA sequendng using fluorescent detection and gd 
dectrophoretic separation, the N7 deazapurine nudeotides reduce the formation of 

30 seoondaiysmicture resulting in band compresaon from which no 
can be generated. 



If the ainplified sequendng Mders are to be detected b : 
spedtcQvaetsic andyds, it may be usefid to "condition* nuddc add mdeoules, f6r 




fragmentation. Conditioning is preferably performed while the sequencing ladders are 
immobilized. An example of conditiomng is moctifkation of the phosphodiester baddx)ne 



peak broadening due to a heterogendty in the cations bound p^ nudeotidc unit. 
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Alt^nativdy. a taiget detection site can be directly linked to a solid 

support v» a reversible or irrcvcrablc bond between an appropriate fiinctionality (L*) 

on the taiget nuddc add molecule and an appropriate functionality (L) on the capture 

molecule. A reversible linkage can be sudi that it is deaved under the conditions of 

5 mass spectrometry a photodeavable bond such as a tri^ etha- bond or a chaige 

transfer complex or a labile bond bdng formed between rdativdy stable organic 

radicals). Furthermore the linkage can be formed vnth L' bdng a quatemaiy 

ammonium group, in which case, prefer^ly. the surfece of the solid suppoit canies 

negative charges which repd the negattvdy diaiged nuddc add backbone and thus 

10 fidUtate the desoiptnn required for analyas by a mass spectrometer. Desotptksn can 

occur dther by the heat created by the laser pulse and/or. depending on L; by sp^ 
absorption of laser eneigy vMch is in resonance widi the L' chromo|diore. 

By wqr <^exaunq>Ie, the I>L* dienustiy^^^ 
15 bond (dienua% deavable. for example by merc^itoedianol or dithioeiythroO. * 
triotin/strepuvkiin system, a heterobifimcdonal derivative of a ttityl edier group 
(K5ster«/a£, 'A VersatUe Add-Labife Laiker for Modification of Synd^ 
Biomolccules." Tetrahedron !,fltgs 21. 7095 (1990)) which can be deaved under 
nuldly addic conditions as well as under conditions of mass spectrometiy, a levutin^ 
20 group deavable under afanost neutral conditions vrith a hydrazinium/acctate buffer, an 
ai:^fline-argimne or lyane-lydne bond deavable by an endopeptidasc enzyme like 
trypsin or a pyrophosphate bond deavable by a pyrophosphatase or a nbonudeotide in 
b^een a deoxyiuideotide sequence deavable by an RNAse or alkali 

The functionalities, L and L,' can also fonn a chaige tnuisfer comploc 
and thereby form the temporary L-L' linkage. Since in numy cases the "chaige- 
transfer band" can be determined by UV/vis spectrometry (sec c.g. Onninift rharyi^ 
TranrffirCfimrfCTfiS by R. Foster. Academic Press. 1969), the laser energy can be 
tuned to the corres|Mmding energy of the charge-transfer wavdength and, this, a 
30 specific desorptioaoffthesoEdsui^it can be initiated. Those skilled in the art vmII 
Fccoginze that several combinations can serve this puijiose and that the donor 
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fimcdofiality can be dthfir on the sofid support or couided to the nuddc add molecule 
to be detected or vice versa. 

In yet another approach, a rcverdUe lAJ linkage can be generated by 
5 homolyticaUy fonning rdativdy stable radicals. Under the hifluence of the laser pulse, 
desorpdon (as <fiscussed above) as wdl as ionization iwitt take place at the lacfical 
position. Itiose skilled in the an win recogiuze that other o(g^ 
sdected and that, in rdalion to the <fissodation energies needed to homotytically 
deave the b<Mid between them, a corresponding laser wavdength can be sdected (see 
10 e g. Reactive Molecules by C. Wcntrup, John Wiley & Sons, 1 984). 

An anchoring function L* can also be incorporated into a target 
capturing sequence by using appropriate primers during an amplification procedure, 
such as PCR, LCR or transcription amplification. 

15 

For certain applications, it may be useful to simultaneously amplify and 
chain terminate more than one (mutated) lod on a particular captured nucldc add 
fifBgment (on one spot of an array) or it may be useful to perfonn paralld processing by 
using oligonudeotide or oligonudeotide mimetic arrays on various sofid supports. 
20 "Multiplexing" can be achieved dther by the scqu^ice itsdf (compostion or length) or by 
the introduction of mass-modifying functionalities into the primer oligonudeotide. Such 
multiplexing is particularly usefid in conjunction vath mass spectrometric DNA 
sequencing or mobifity mocfified gd based fluorescence sequendng. 

2S Without limiting the scope of the invention, the mass or mobUity 

modification can be introduced by uangoligoVpolyethylene^fycol derivatives. The 
oUgo/pofyethylene glycols can also be monoalkyiated by a lower aUcyl such as methyl, 
ethyl, propyl, isopropyl,t-butyl and the like. Other chemistries can be used in the mass- 
modified compounds, as for example, those described recentiy in Oligonudentides awj 

30 Analogues, A P ractical Approach. F. Edcstdn. editor IRL Press, Oxford, 1991, 
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In yet another embodiment, various mass or mobility modifying 
amcUonalities. other than oligo/polyethylene glycols, can t>e selected and attached via 
appropriate linking chemistries. A simple modification can be achieved by using diflferem 
alkyl. aiyl or aralkyl moirties such as methyl, ethyl, propjrt, isopropyl. t-butyi, hexyi, 
phenyl, substituted phenyl or benzyl. Yet another modification can be obtained by 
attaching homo- or beteropeptides to the nucleic add molecule (e.g., primer) or 
nucleoside triphosphates. Simple oGgoanudes also can be used. Numerous other 
possibilities, m addition to those mentioned above, can be performed by one skifled in the 
■ art. ■ 

Dififerent mass or mdiSity modified primers aUdw for multiplex 
sequencing via simultaneous detection of primer-modified Sanger sequencing ladden. 

Mass or nK)bility modifications can be tncoiporated during the an^lificationproce^ 
Uiroug^ nucleoside triphos|^es or modified primers. 



For use with certan detection means, such as polyaoylamide gel 
electrophoresis (PAGE), detectabfe bibds must be used in either tiie primer (typically at 
the 5'-end) or in one of die chain extending nucleotides, or chain terminating nucleotides. 
Using radioisotopes such as "P, »P. or »S is stiO the most frequently used technique. 
20 After PAGE, the gek are exposed to X-ray films and silver grain exposure is analyzed. 

Non-radioactive labeling techniques have been expbred and. m recent 
years, integrated into partly automated DNA sequencing procedures. All these 
improvements utilize the Sanger sequencing strategy. The label (e.g. fluorescent dye) 

25 can be tagged to the primer (Smidi et aL, Mafljce 22L 674-679 (1986) and EPO 
Patcm No. 87300998.9; Du Pont De Nemours EPO AppUcation No. 0359225; 
f^BSorgtetal. J. Biochcm, Biophvs MahfldsU, 325-32 (1986)) or to the chain- 
tenninating dideoxynudoside tripho^tes (Prober et aL Sdenca 22a. 336-41 (1987); 
Applied Biosystems. PCT ApplKation WO 91/05060). Based on either labeling the 

30 piinier or the ddNTP. systems have been developed by AppBed Biosystems (Smidi«/ 
at. Science 23?. G89 (1987); U.S. Patent Nos. 570973 and 689013), Du Pont De 
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Neniours (Prober erai Sciencg23g. 336-341 (1987); U.S. Patents Nos. 881372 and 
57566), Phannada-LKB (Ansorge etal Nuddc AdHs 4593-4602 (1987) 

and EMBL Patent Application DE P3724442 and P3805808.I) and Hitachi (JP 1- 
90844 and DE 401 199 1 Al). A somewhat amilar approach was devdoped by 
5 Brumbaugh et aL ffroc Natl Sd USA ^ 5610-14 (1988) and U.S. Patent No. 
4,729,947). An improved method for the Du Pont ^ero using two dectrophoretic 
lanes with two different specific labete per lane is described (PCT AppUcaUon 
WO92/0263 5). A different i^iproacb uses fluorescently labded avidin and Uotin 
U)ded primers. Here, the sequendng ladders ending with biotin are ieact«l during 
10 dectrophoreas with the labded a\ndin wWdi results in the detection of the indhadua] 
sequencing bands (Bnimbaugh et al, U.S. Patent No. 594676). 

More recendy even more senative non-radioactive labdmg tediniques 
for DNA using chemilununescence triggerable and amptifyable by enzymes have been 

15 devdoped (Bedc. OKeefe. CouU and KSster. Nudeic Adds R«><; 1 7 5115-5123 
(1989) and Beck and KSster. Anal. Chem 62. 2258-2270 (1990)). These labeling 
methods were comWned with multiplex DNA sequencing (Church ei al. Sdcnce 240, 
185-188 (1988) and direct blotting dectrophoresis (DBE) (Beck and Pohl. EMBO J. , 
Vol. 3: p 2905-2909 (1984)) to provide for a suatcgy aimed at high throughput DNA 

20 sequencing (KOster et al., Nuddc Acids Rm .Svmporium 24. 3 1 8-321 

(1991). University of Utah, PCT Application No. WO 90/15883). However, this 
strategy still suffers from the <Ssadvantage of bdng very laborious and difiicult to 
automate. 

2^ In automated sequencing, fluorescence hbdoi DNA fragments are 

ddected during nugratton throu^ the sequendng gd by laser exdtation. 
Fluorescence labd is incorporated during the sequendi^ teacdon via labded primen 
or diain extemUng mideotides (Smith. L. et. al.. Fhiorescence detection in automated 
DNA sequence ana^. Nature 321 :674-89 1986), (Knight, P., Automated DNA 

30 sequencers. Biotedmology 6: 1095-96 1988). 
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Multq)le distinctly labded primers can be used to disoiminate sequencing 
pattenis. For example, four differently labded sequencing primers specific for the single 
termination reactions, e.g. with fiuorescem dyes aid online detection usif% laser 
excitation in an automated sequencing device. The use of eight diffoently id)ded 
primers aUow the discrimination ofthesequendng pattern ftom both stra^ bisteadof 
labded primers, labded ddNTP may be used for detection, if separation of the 
sequencing fragments derived from both stnuid Is provided. Whh one Uotin labded 
ptimer, sequencing frsgmerts from one strand can be isolated for example vU^ 
streptavidin coated magnetic beads. Possible is dso the isolaiion via immuiwaflMt^ 
dwomatogiaphy in the case of a digoxigenin labeled primer or wth affinity 
chrpmatogr^hy in case of complementary oligonudeorides bound to a solid support. 

Another aspect of this mvention concerns Wts for dirxx*iy gener^^ 
from a nuddc add tcmpiatc, amplified base spedfically terminated fragments Such 
kits indude combinations of tiie above-described reactants. For instance, in one 
embodiment, the kit can comprise: i) a set of chain-dongating nudcotides; ii) a set of 
chain-tenninatiog nudeotides; and Ciii) a first DNA polymerase, which has a rdatively 
low affinity towards the diain tenninadng nudeotide; and (iv) a second DNA 
polymerase, which has a rdativdy high affinity towards the chain tenninating 
nudeotide. The kit can also indude appropriate solid supports for capture/purification 
ami buffers as well as instructions for use. 

The present invention is fiirther illustrated by the foOovong examples 
which should not be construed as limiting in any way. The contents of all cited 
references Cmduding literature references, issued patents, published patent 
appUcations Onduding international patent appGcation Publication Number WO 
94/16101, entitlcdZ)M4 Sequencing by Mass Specimmetry by H. Koester.and 
inteniational patent qipUcation PuUication Number WO 94/2 1 822 enthled "DNA 
Sequcnc»ig by Mass Spectrometiy Via Exonudease D<^adation'' by H. KAster), and 
co-pending patent appUcations, Onduding U.S Patent /VppUcation Serial No. 
08/406,199, entitled DAM Diagnostics Based on Mass Spectrometry hyU Koester). 
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and continuations-in-part of co-pending patent appUcations (published or unpublished) 
arc hereby expressly incorporated by reference. 

Example 1: Direct Nadeic Acid Amplification and Sequenctng 

S 

Materials and Methndf^ 

Bacterial Strains and Piasmids 

EL coU K12 strdns HBlOl and XLl-Bhie (StraUgene, Califonua) were 
grown in LB broth (KfiUcr. J, (1972) Experiments in Molecular Genedcs, Cold Spring 
10 Haibor Laboratory. Cold Spring Haibor, NY.) supplemented with 100 g ampidllinAnL 
(Binotal, Bayer, Germany). DNA-template used for sequencing was a pOM8 derived 
recombinant plasmid (Oberbaunier, L (1986) Gene 49: 81-91 1986) with an 400 BP 
insert from the rmB gene of £1 coU. The plasmid DNA was purified via Diagen plasmid 
purification tips- 1 00 (Diagen, ffiiden. Germany). 

15 

DNA Isolation 

The DNA template used in the sequencing reaction was isolated according 
to the method described by Bimboim and Doly (Bimboim, HC, and Doly, J, Nucleic 
Acid Res. 7: 1513-1523 1979) with the improvements of Ish-Horowiczs and Burke (Ish- 
20 Horowicz, D,, and Burke, J.F. Nucleic Add Res. 9: 2989-2998 1981), 

Setpiendng retMctians 

A control sequencing reaction was perfomed in accordance with the 
Peridn-Elmer, AmpUTaq FS kit protocol. 

25 

A combined nudeic add amplification and sequndng reaction was 
performed as follows. The base spedfic reaction nuxtures (A, C, G and T, as described 
bdow) each contained a buffered sokition of: i) DNA template; ii) two thennostable 
DNA polymerases, each mth a different afiinity to the ddNTP; iii) the ddNTP; iv) all 4 
30 dNTPs (Pharmacia, Frdburg. Gcnnany); a pair of sequence specific oligonudeotide 

primers, one of them labded with a fluorescent dye. The reaction mixture was overiayed 
with wax. 
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The sequencing reaction was carried out as follows: 

A-fcactinn: I 8 M ddATP, 80 M each dAlP. dCTP. 7-deaza-dGTP. 
5 dTIP, 500 mM Tris-HCl (pH 9.0 at 25«C), 25 aiM MgP^ containing Ipmol JOE dye 
fnimer. thenna] stable pyrophos|4iatase and 1.6 U AmpIiTaq DNA polymerase. FS. To 
this 50 ng of the DNA template as prepared atwve (1 I), I U of Taq DNA polymerase (I 
I) and 10 pmol reverse primer (0.5 I) were pipetted. 

10 C-reaction: 4 1 8 M ddCTP. 80 M each dATP. dCTP^7-deaza-dGTP. 

dTTP. 500 mM Tris-HCl (pH 9.0 at 25^), 25 mM MgClj containing Ipmol FAM dye 
piimer, thennal stable pyrophosfriiatase and 1.6 UAmpliTaq DNA|K>Iymefas^ FS. To 
this 50 ng of the DNA template (I IX 1 U of Taq DNA polymerase (1 1) and lOpmoI 
reverse primer (0.5 0 were pqjetted. 

15 

G-r«Ction: 8 1 8 M ddGTP. 80 M each dATP, dCrrP. 7-deaza-dGTP. 
dTTP. 500 mM Tris-HCl (pH 9.0 at 25'C) 25mM MgCI^ containing 1 pmol TAMRA dye 
pnmcr, thermal stable pyrophosphatase and 1.6 U AmphTaq DNA polymerase. FS. To 
this50ngoftheDNAtempUte(l I). I U of Taq DNA polymerase (1 I) and 10 pmol 
20 reverse primer (O.S I) were pipetted. 

T-reaction: 8 I 8 M ddTTP, 80 M each dATP, dCTP, 7-dcaza-dGTP, 
dTTP. 500 mM Tris-HCl (pH 9.0 at 25'Q, 25mM MgCI, containing 1 pmol ROX dye 
primer, thennal stable pyrophosphatase and 1 .6 U AmpUTaq DNA polymerase, FS. To 
25 this 50 ng of the DNA template (1 I), 1 U of Taq DNA polymerase (1 I) and 10 pmol 
reverse primer (0.5 1) were pipetted. 

The incubation conditions included an initial denaturation step of 4 min. 
95»C, foUowed by 15 cycles of 30 sec. 9S"'C. 30 sec. Sl'C. 60 sec. 72?C. The reaction is 
30 complied by additional 1 5 cycles of 30 sec. 95'C, 30 sec. 52'C, 60 sec. 72'C. 
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The reaction mixlure was separated from the wax by pipetting and ethanol 
precipitated. The samples were nin on an automated ABl prism sequencer model 377. 



S BESUU:^ 

As can be seen from Figures I and 2, while the combined amplification 
and sequencing reaction yielded a 440 BP readable sequence with 15 ng, of temjrfatc 
DNA (Figure I), no sequence data was pbtdned employing the same amount of template 
10 DNA and uang the standard cycle sequencing protocol (Figure 2). 

Example 2: Direct Nucleic Add ArapUncatioa aad Sequencing 

A combined nudeic add amplification and sequendng reaction was 
performed as follows. The ncaction contained a buflfercd solution of i) DNA template, 
IS S) two thermostable DNA pdymetascs, each widi a diffi^ 
labded ddNTP; nr) afl 4 dNTP s OPharmada. Frdbuig. 
oligonucleotide primers, one of them labeled with a biotin group, 

Ombined amplification and sequencing protocol using two DNA 

20 polymerases. 

4ng (1 iiO of p9G55 ID (pUC-dcrivative haibouring a 419 BP insert from 
human mutant CFTR gene) was subjected to sequendng by addmg 4 pi of S x TAGS 
buflFer, 0.5 ftl of each dye ddNTP solution. I pi dNTP mix (5tnM dATP, dCTP, dTTP 
and 10 mM deaza dGTPX I |il AmpUTaq FS. 075 U (0.3 pi) (exo-) PJu polymerase 

25 and 40 pmol of each of the standard M13 primers (for sequence see above) to a final 
volume of 20 pi The cycling profile comprised one cyde of 95*C for 4 min., 20 cydes 
of 95*C for 45 sec, S2"C for 45 sec and 72*C for 45 sec. followed by 28 cydes of 96*C 
for 50 sec, SS^'C for 60 sec and 60X for 4 min. The reaction was carried out using an 
Eppcndorf Mastercydcr 5330 with a heated lid. 

30 



Separation of the forward and reverse sequencingfragmenis. 
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The reaction was mixed with an equal volume of 2x BTW-buffer (lOmM 
Tris-HCl, pH 7.5. ImM EDTA, 2 M NaCI) containing 300 |ig of prewashed streptavkiin 
M-280 Dynabcads (Dynal), After incubation for 30 min. at room temperature the beads 
were washed twice with 50 ^l of Ix B/W buffer in order to remove unwanted reaction 
5 components and unincotporated dye terminators. 

The reverse sequoidng products were recovered from immobilized 
biotinytated forward products by addition of 20 pA of a 20% aqueous ammonhim 
hydroxide sohition (freshly i^epared) and incubation at room tempei^ 
10 numites. This step was rq>eated once the products were {>ooled. 

The beads were then washed with 20 fil 25% aqueous ammonium 
hydrosdde solixdon for one ininute at room temperature and the supernatant was 
discarded. 



15 



20 



25 



The forward sequencing reaction was removed from the beads using 30 (il 
of a 25% aqueous ammonium hydroxide sohition and incubation at WC for 8 minutes. 
This step was also repeated once and the products were pooled. 

The sqiaiated forward and reverse sequencing reactions were finally 
predpitated each by addition of 200 |il ethanpl to the ammonium hydroxide sohition, 
resuspended in 4 fd loading dye (5: 1 ratio of ddonized formamide to 25raM EDTA (pH 
8,0) /50 mg/ml Bhie dextran) and analyzed with an ABI Prism sequencer (model 377). 



Figure 4 and 5 depict the fluorescent chromatogram plots of a forward 
(Fig. 4) and reverse (Fig. 5) sequence ladder generated In a simultaneous amplification 
and sequendng reaction. In this experiment 1.5 units of Tag polymerase were added to ; 
30 dye terminator cyde sequencing nux containing AmpliTaq FS, and only 4 ng of plasmid 
DNA, a biotinylated forward primer and a reverse primer. After the cyding reaction. 
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biotinylated fonvard sequoictng products and reverse products hybridized to the fonvard 
template were immobilized on strq>tavidin coated magnetic beads. A separation of 
reverse and forward sequencing ladders was achieved by incubation of the beads with 
ammonium hydroxide. Ammonium hydroxide acted as a denaturing agent for double 

S stranded DNA at room temperature, therefore releasing the reverse sequencing products 
in the solution. The biotinylated products renuined bound to the $trq>tavidin, whereas 
the reverse products were removed with the supernatant. A recovery of the biottnyiated 
products was carried out using ammomum hydroxide at an incubation temperature of 
60'*C At elevated t emp e ra ture, ammomum hydrosdde acted as a denaturing agent for 

10 the streptavidin biotin interaction. The thus separated sequencing ladden were then 
ethanol precipitated and separately analyzed on a ABI Prism sequencer. 
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Those sldlled in the art vwtt reoogiuze or be able to ascertain usi^ 



morel 



. than routine experimentation numerous equivalents to the specific procedures 
5 described herein. Such equwalorts are considered to be wthin the scope of tWs invention 
and are covered by the fijBbwing claims. 
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I y^i^forobtaiiuitgampMedanddiunteriii^^ 
fiom a nuddc add tcnq>latc compri^g: i) an ajipropiiate amount of a sd of diain- 
S elongating nudeotides; ti) an appropriate amount of at least one diain-tenmnating 
nwdcodde; iu) an appropriate amount of a first polymerase, whidi has a rdadvdy low 
affinity towards at least one dtaun terminating nudeptide; and iv) an apprc^ate amount 
of a second polymerase, whidi has a rdativdy high affinity towards at least one diain . 
teraunattng nudeotide. 

10 

2, A kit of daun 1 , which additionaily comprises a restricdon enzyme that 

can cleave the primer. 

3 A kit ofdaim l,whcrdnUicfir^ and second polymerases 
15 thermostable DN A polymerases, 

4 A kit of dim 3, wherein the thermostable DNA polymerases are sdected 
fix)m the group consisdng of: Taq DNA polymerase, AmpUTaq FS DNA polymerase. 
Deep Vent <exo ) DNA polymerase, Vent DNA pdymerase. Vent (e^^^ 

20 polymerase and Deep Vent DNA polymerases. Theraio Sequcnase. cxo(-) P^«xicfococc«s 
7i<rfo«i5 DNA polymerase, An^ 
/yocoaricsyiir/osiis and /yococcM^ 

5 A kit ofdwml.whcrdn the set ofchain^ongating nudeotides are 

25 sdected from the group consisting of: i) at least one deoxyadenosine triphosphate; ii) at 
least one deoxyguanosinc triphosphate; Hi) at least one deoxycytidine triphosphate; and 
iv) at least one thymidine tr^ho^hate. 



30 



6. 

isanN7' 



A kit of daira 5, wherdn the deoxyadenosine and/or the deoxyguanosine 
or N9- deazapurine nudeptide. 
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: 7. A Idt of datin I, wherein the chain terminating nudeotide is sdected from 

the group consisting of: 2*.3'Hlideoxyadenosine triphosphate, 2^3*-dideoxyguano^e 
triphosphate, 2\3'-dideoxycytidine triphosphate, 2\3'-dideoxytI^dine tripho^hate. 

5 8. A lot of daim 1, which additionaily indudes at least one primer. 

9. A lot of daim 8, wherdn the primer is finked to & solid support 

10. Akit of d^9, wherein the soCd siqiport is sdected from the group 
10 oonasting of beads, capillaries, flat supports, membiBnes and wafers. 

11. A Idt of daim 9, wherein the primer contains a restriction site or a 
ribooudeotide. 

15 12. A idt ofdaim 8, herein the primer is wdght modified. 

13. A kit of daim 8, \^^ein the primer is mobility modified. 

A kit of daim 7; wherein at least one ddNTT is weight modified. 
A Idt of claim I, which additionally comprises a proofreading DNA 

16. A kit of daim 1 , which additionally comprises a reverse transcriptase. 

17. A process for amultanoously ampQ^ng and sequencing a single 
stranded auddc add molecule, comprising the steps of: 



14. 

20 

15. 

polymerase. 



30 



a) contacting the single stranded nuddc add molecule with: t) at least 
one primer that can hybridize to the template, 00 a set of chain 
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elongating nucleotides, (iii) at least one chain tenninattng nucleotide, 
(iv) a first DNA polymerase, which has a rdativety low affinity towards 
the chain tenninating nucleotide; and (v) a second DNA polymerase* 
which has a relatively high affinity towards the chain terminating 
5 nucleotide, so that polymerization by the first polymerase results in 

anqslification and polymerization by the second polymarase results in the 
formation of chain terminated fineigments; 

b) detecting the chain terminated fiiagments by an appropriate detection 
10 means; and 

c) aligning the fiagments by mobility or molecular wdght to determine the 
sequence of the DNA template. 

IS 18. A process of clahn 17, wherdn the first and second polymerases are 

thermostable DNA polymerases. 

19. A process of claim 12. wherein the set of chain*dongating nucleotides are 
selected from the group consisting of: t) at least one deoxyadenosine triphosphate; ii) at 

20 least one deoxyguano^e tripho^hate; iii) at least one deoxycyttdine triphosphate; and 
iv) at least one thymidine triphosphate. 

20. A process of claim 19, wherein the deoxyadenosine and/or the 
deoxyguanosine is an N7- or N9* deazapurine nucleotide. 

25 

21. A process of daim 17, wherein the diainternunauiignudeoti^^ 

fi'om the group con^sting of: 2',3'-dideoxyadenoane triphosphate, 2\3*-dideoxyguanosine 
triphosphate. 2\3'Hl!deoxycyddine triphosphate, 2\3'*dtdeoxythymidine triphosphate. 



30 



22. A process of claim 17, wherda the detection means b a separation means 

selected firom the group conasting of: polyacrylandde gel electrophoresis, capillary zone 
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dcctrophoresb and mass spectrometry in conpinction with a vtsuafization means selected 
from the group consistiag of: colorimetry, fluorimetry, chemiluminescence, radioacdvity 
and mass spectrometry. 

5 23. A process of daim 17, wherdn the detection means is mass spoctromctiy. 

24. A process ofdaim 23, wherdn the mass spectrometiy is perfonned 
using an ion source sdected from the group coning of. matrix assisted laser 
desorption ibnizatibn 0rfALDI), dectrospray OBS), ionspray, thermospray and 

10 massive duster impact; and the detection format is selected from the group comasting 
of: time-of-ffight; qt^dropole. magnetic sector, Fourier transform ion cydotro^ 
resonance and ion trap. 

25. A process of d^m 17, wherdn the double stranded DNA molecule has 
IS been qntithesized from RNA using a reverse transcriptase. 

26. A process of claim 17, wherein the primer is linked to a solid support. 

27. A process ofdaim 26, wherdn the solid support is sdected from the 
20 group con^sting of: beads, captUaries, flat supports, membranes and wafers. 

28. A process ofdaim 26, wherein the primer comains a restricdon site or a 
ribonudeotide. 

2S 29. A process ofdaim 26. wherein the primer is wd£^ modified. 

30. A process ofdaim 26, wherein the primer is moUiity modified. 

31. A process ofdaim 26, wherdn at least one ddNTP is wdght modified. 



30 
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A process of daim 17. which ad(fitioiialiy comprises a proofreading DNA 

A process for sinuxltaneously amplifying and sequendng a nucleic add 
S molecule, comprising the steps o£ 

a) denaturing a double strand^ DNA molecule at an iqjpropriatc 
temperature and for an appropriate period of time to obtain two 
conipleaientafy sti^e stramted DNA molecules; 

10 

b) contacting at least one of tiie single stranded DNA molecules with a 
complementary primer at an appropriate temperature and for an 
appropriate period of time to xri>tain at least one primer containing single 
stranded DNA malecule; 

15 

c) contacting the at least one primer containing single stranded DNA 
nu^ecule at an appropriate temperature and for an appropriate period of 
time with: (i) a set of chain dongattng nudeotides, (ii) at least one diain 
temunating nudeotide, (uQ a first DNA polymerase, which has a rdatively 

20 low affinity towards the chain terminating nudeotide; and (iv) a second 

DNA polymerase, ViWch has a rdativdy high affinity towards the chain 
tenninating nudeotide, so that polymerization by the first polymerase 
results in amplification and polymerization by the second polymerase 
results in the formation of chain terminated fi^gments; 

25 

d) repeating steps a) through c) for an appropriate number of 
times to obtain a sufSdent amount of chain terminated fiagments for 
detection; and 



32, 

polymerase. 



30 



e) detecting the diain terminated fiiigments by an appropriate detection 
means and aGgning the fragments by molecular wdght to d^ermine the 
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sequence of the DNA template. 

34. A process of daini 33. wherein the first and second polymerases are 
thennostable DNA polymerases. 

5 ' 

35. A process of claim 33, wherein the set of chain^dongating nucleotides arc 
selected firora the group consisting of: i) at least oiie deoxyadenosine triphosphate; ii) at 
least one deoxyguanosine trii^osphate; lit) at least one dooxy<^dine t^^ 

jv) at least one tfiymtdine triphosphate. 

10 

36: A process of claim 35, v^ieretn the deoxyadenosine and/or the 

: deoxyguanosiiie is an N7- or N9- deazapurine nucleotide. 

37: A process of daim 33, wfeo-dn the chain terminating nucleotide is selected 

15 firan the group consisting of: r.3*-dideoxyadenosine triphosphate. 2\3'-dideoxyguanosine 
triphosphate^ 2*,3*-dideoxycytidine triphosphate, 2*,3*-didcoxythyraidinc triphosphate. 

38. A process of claim 33, wherein the detection means is a s^aration means 
selected fi-om the group consisting of polyacrylamidc gel electrophoresis, capillary zone 

20 electrophoresis and mass spectrometry, in conjunction wth a visualization means selected 
fi-om the group conasting of : cdorimetiy, fluorimetry. chemiluminescence, 
radioactivity, and mass spectrometiy. 

39. A process of claim 33, wherein the detection means is mass 
25 ^>ectrometty. 

40. A prcx%ss of daim 39. wherdn the mass spectrometry is performed using 
an ion source sdected fiom the group consisting of: matrix asssted laser desorption 
ionization ^lALDl), dectrospray (ES), ionspray, thermospray and massh^e duster 

30 impact; and the detectaon format is sdected firooi the group conasting of: time-of-fiight; 
quadfupole» magnetic sectw, Fourier transform ion (^otron resonance and ion trap. 
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41. A process of daioi 33. wherein Che double stranded DN A molecule has 

been synthesized from RNA using a reverse transcri 

5 42. A process of daim 33, v^erein the primer is linked to a solid support. 

43. A process of claim 42, wherein the solid support is selected from the 

group consisting of beads, capillaries, flat supports, membranes and wafers. 

10 44. A process of claim 33. wherein the primer contains a restriction or a 

ribonucleotide. 

45. A process of claim 33, v^erein the primer is weight modified. 

IS 46. A process of dmm 33, v^erein the primer is mobility modified. 

47. Aprocessofclaim33, wherdn a ddNTP is weight modified. 

48. A process of daim 33, which additionally comprises a proofreading DNA 
20 polymerase. 
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